ABSTRACT-By using rat brain cortical slices preloaded with [3H]norepinephrine, we examined whether ATP-sensitive K+ channels are involved in altered adrenergic neurotransmission during hypoxia. The tritium overflow evoked by transmural nerve stimulation (TNS) was significantly inhibited at 5 min of hypoxia and reached the maximum inhibition at 20 min. The inhibition of the TNS-evoked tritium overflow under a 20-min hypoxia was reversed by subsequent reoxygenation and was concentration-dependently antagonized by glibenclamide (0.1 and 1 pM). 86Rb+ efflux was increased after introduction of hypoxia and reached the peak value at about 20 min, which was concentration-dependently antagonized by glibenclamide (0.1-10 uM). Hypoxia decreased cortical ATP content. Linear correlations were mutually observed among the changes by hypoxia in the TNS-evoked tritium overflow, tissue ATP content and 86Rb+ efflux. The spontaneous tritium outflow was inhibited only after hypoxic periods of more than 16 min, the inhibition being reversed by reoxygenation and antagonized by 1 uM glibenclamide. These results suggest that the inhibition of rat central adrenergic neurotransmission during hypoxia may be associated with an activation of ATP-sensitive K+ channels.
Neuronal transmission in the brain is highly sensitive to the lack of oxygen (1) . However, the effects of anoxia/ hypoxia or ischemia on adrenergic neurotransmission in the brain seem to be discrepant; the activity of nor adrenergic neurons is decreased in the rat cerebral cortex and hippocampus during in vivo hypoxia (2) . In contrast, K+-evoked norepinephrine (NE) release is elevated in the cortical slices of Mongolian gerbils subjected to cerebral ischemia (3) . On the other hand, depolarization-induced catecholamine release from the rat brain synaptosomes is unaffected by in vitro hypoxia (4) .
It is well accepted that oxygen deficiency or deprivation decreases the amount of high-energy phosphates (adeno sine 5'-triphosphate (ATP) and creatine phosphate) in the brain. A decreased ATP content is expected to open ATP-sensitive K+ (KATP) channels. Recent studies dem onstrated that KATP channels are present in the central nervous system (5) and modulate transmitter release in rat hippocampal CA3 neurons under anoxic conditions (6) . On the other hand, antidiabetic sulfonylurea tol butamide, a KATP channel blocker, did not alter the anox ic response of rat hippocampal CAI neurons (7) . Thus, it is likely that there are regional differences in the involve ment of KATP channels in the anoxic response. In addi tion, the localization of binding sites for sulfonylurea ([3H] glibenclamide) is heterogeneous in the rat brain and the motor neocortex is one of the five regions containing the highest concentrations of the sulfonylurea binding sites (8) . We recently reported that KATP channels modu late electrically stimulated NE release from the rat motor neocortex slices under normoxic conditions (9) . In the present study, we performed experiments with the same preparation to determine: 1) how adrenergic neurotrans mission is affected by hypoxia and 2) whether KATP chan nels are responsible for the hypoxia-induced change in adrenergic neurotransmission.
MATERIALS AND METHODS

Preparation
Male Wistar rats (200-250g) were decapitated. The brain was rapidly removed and placed in a chilled Krebs bicarbonate (Krebs) solution preaerated with 95010 02 + 5010 CO2. The Krebs solution had the following com position: 118.2 mM NaC1, 4.6 mM KCI, 1.2 MM MgSO4i 2.5 mM CaC12, 1.2 mM KH2PO4, 24.8 mM NaHCO3 and 10.0 mM dextrose (pH 7.4). The motor neocortex was dis sected and chopped into slices (about 0.4-mm-thick) with a feather knife. The hand-cut slices were then placed at a room temperature in Krebs medium (bubbled with 95% 02 + 5% C02) for 90 min before the loading of either [3H]NE or 86Rb+ in order to permit a full recovery from the surgical procedure (10) .
[jHJNE release experiments
The slices (1.5 x 5.0 mm) were incubated for 60 min in the Krebs solution containing 70 nM 1-[7-3H]NE (10 iCi in 10 ml of incubation medium) and 57 ,M ascorbic acid. The incubation medium was maintained at 37C and bub bled with 95% 02 + 5% CO2. At the end of the incuba tion, the slices were rinsed with fresh Krebs solution. One slice was transferred to each of the chambers (capacity of 0.3 ml) of a superfusion apparatus, where it was held in position between a pair of parallel platinum electrodes, 5 mm-apart. The slices were superfused at a rate of 1.5 ml/min by means of a peristaltic pump with the Krebs so lution, which was maintained at 37 *C and bubbled with 95% 02 + 5016 CO2. The superfusate medium was drawn at the same rate from the bottom of the chambers by another pump. After a 60-min equilibration period, trans mural nerve stimulation (TNS, 3 Hz, 2 msec, supramaxi mum voltage of 10 V, 45 pulses) was applied by an electric stimulator (SEN-7103, Nihon Kohden, Tokyo) as described by our previous report (9) . The TNS was repeat ed twice (S, and S2) every 40 min, unless indicated other wise. The superfusate samples were continuously collect ed at 2-min intervals from 4 min before S1. At the end of the experiments, the slices were solubilized in 1 ml of Solv able (Daiichi Pure Chemicals, Tokyo). The radioactivity of tissue and superfusate samples was determined by a liq uid scintillation counter (LSC-3500, Aloka, Tokyo).
The amount of tritium of each superfusate sample was expressed as a fractional rate of the tritium content present in the tissue at the beginning of the respective sam ple collection. The TNS-evoked tritium overflow was esti mated by subtracting the fractional rate of the 2-min sam ple just before TNS from that of each of the two 2-min samples collected during and after TNS. Thus, we have measured the total evoked tritium overflow as an index of neurotransmitter release, since more than 70% of the in crease in total tritium outflow evoked by electrical stimula tion from rat brain slices preloaded with [3H]NE is iden tified as intact [3H]NE (11) .
Protocol for [jHJNE release experiments
In the first series of experiments, the effects of various periods of hypoxia on the TNS-evoked tritium overflow were investigated. Following S,, the slices were subjected to each period of hypoxia. Hypoxia was produced by superfusing the slices with the Krebs solution (pH 7.4) prebubbled with 95% N2 + 5076 CO2 and was maintained for 5, 10, 20 or 40 min during which the gas flowed con tinuously. Regardless of the length of the hypoxic period, S2 was applied at the last 4 min of each hypoxic period. In some experiments, following the 20-min hypoxia, the slices were allowed to recover for 40 min in the normal Krebs medium saturated with 95076 02 + 5% C02, and then a third stimulation (S3) was additionally applied at 36 min after the onset of reoxygenation. 02 tensions in the normoxic and hypoxic solutions, measured by a pH/blood gas analyzer (model 1304, Instrumentation Laboratory, Boston, MA, USA), were 615 to 640 and 35 to 40 mmHg, respectively.
In the second series of experiments, the effects of gliben clamide and cocaine on the hypoxic change in the TNS evoked tritium overflow were studied. Glibenclamide (0.1 and 1 pM) and cocaine (10 pM) in combination with 20 min hypoxia were superfused from 26 min before S2 and from 20 min before S,, respectively. The effects of hy poxia with and without drugs on the TNS-evoked tritium overflow were expressed as the ratio S2/S,. The fractional rate of the 2-min sample just before S, and S2 was consi dered as the spontaneous tritium outflow and designated as Sp, and Sp2, respectively. The effects on the spontane ous tritium outflow were evaluated from the ratio Sp2/Sp,.
86Rb+ efflux experiments
The slices (5.0 x 8.0 mm) were incubated in the Krebs medium containing 86Rb+ (100 pCi in 10 ml of incubation medium) as a marker for K+, rinsed and then superfused as for the [3H]NE release experiments. After a 15-min equilibration period, the superfusate samples were con tinuously collected every 2 min throughout the experi ment. Hypoxia was induced by superfusing the slices with the Krebs medium saturated with 95 To N2 + 5 % CO2 and was maintained for 20 min from 10 min after the begin ning of sample collection. In some experiments in which the effects of glibenclamide on the 86Rb+ efflux induced by hypoxia were studied, glibenclamide (0.1-10 pM) was treated for 30 min from 10 min before the onset of hy poxia. At the end of the experiments, the slices were solu bilized in 0.5 ml of 1 N nitric acid, and the sample volume was then adjusted with distilled water to 3.0 ml (12) . The radioactivities of the tissue and superfusate samples were counted by an Aloka autowell gamma counter. The 86Rb + content of each superfusate sample, i.e., fractional loss of 86Rb+ from the slice for a 2 -min period , was estimated as in the case of the tritium overflow. The 86Rb+ efflux rate constant (fractional loss of 86Rb+ standardized for a 1 min period) was calculated (13) , and it was then expressed as a percentage of the basal rate constant averaged over 8 min before hypoxia. The effects of hypoxia with and without glibenclamide on the rate constant were also measured by calculating the area under the curve (AUC) of the rate constant vs. time plot, because the efflux faded during 20-min hypoxia (13) . AUCs were calculated from an elevation in the efflux during hypoxia.
Tissue A TP content Tissue ATP content was determined according to the method of Ishida et al. (14) with minor modifications. After a 90-min recovery period, the slices (5.0 x 5.0 mm) were incubated for 40 min in the Krebs solution which was kept at 37 C and preaerated with 95% 02 + 5% CO2. Hypoxia was induced by immersing the slices in the medi um prebubbled with 95% N2 + 5016 CO2. Aerations were continuous during both the incubation and hypoxia periods. Thereafter, the slices were dropped into 0.5 ml boiling water, extracted for 10 min and immediately cooled to 0'C. The amount of ATP in the extract was measured by a photon counter (M2010, Lumac Bio counter, Schaesberg, Netherland) with purified luciferin luciferase reagent (Lumit) supplied by Lumac. The slices were then lysed with a detergent, 0.1°16 Triton X-100, and the protein in the lysate was determined according to the method of Lowry et al. (15), with bovine serum albumin as the standard. Tissue ATP content was expressed as nmol/mg protein.
Statistical analyses
All data are expressed as the mean±S.E.M. Statistical analyses were performed with an unpaired Student's t-test for two-sample comparison and one-way analysis of vari ance followed by Dunnett's test for multiple compari sons. The correlation was determined by least squares linear regression analysis. In each case, P values less than 0.05 were considered significant.
Drugs
The following drugs were used: l-[7-3H(N)]NE (specific activity, 14.2 Ci/mmol, Dupont-New England Nuclear, Boston, MA, USA), 86RbC1 (specific activity, 3.96-7.30 mCi/mg, Dupont-New England Nuclear), glibenclamide (Yamanouchi Pharmaceutical Co., Tokyo), cocaine hydrochloride (Takeda Chemical Industries, Osaka) and tetrodotoxin (Sigma, St. Louis, MO, USA). Glibencl amide (20 mM) was freshly dissolved in dimethyl sulf oxide (DMSO) each day and was then diluted with Krebs solution. The final concentration (0.5%) of DMSO was fixed in spite of the different drug concentrations. 
RESULTS
Effects of hypoxia on spontaneous and TNS-evoked trit ium overflows
In the control experiments, the fractional rate of the spontaneous tritium outflow (Spl) from slices preloaded with [3H]NE was 0.65±0.03% (n=5) of the total tissue tritium content (1.21--1-0.04x 105 dpm). TNS (S1) in creased the outflow of radioactivity from a spontaneous level of 782±27 dpm/2 min to 2764± 184 dpm/4 min (n=5). Based on these values, the fractional rate of the in crease in tritium overflow above Sp, in response to S, amounted to 1.00±0.06% of the tissue tritium content. The TNS-evoked tritium overflow was completely abol ished by 0.1 ttM tetrodotoxin (Fig. 1) . Figure 2 shows the time course of the effects of hypoxia on the TNS-evoked tritium overflow. The TNS-evoked tritium overflow was significantly inhibited at 5-min ex posure to hypoxia and reached the maximum inhibition (46.2±3.0%) at 20 min. Prolongation of the hypoxic period to 40 min caused no further decrease in the TNS evoked tritium overflow.
The spontaneous tritium outflow was significantly reduced at 16 and 36 min of hypoxia (Fig. 2) . The ampli tude (27.1 ± 5.1%) of the inhibition of the spontaneous tritium outflow at 36 min of hypoxia was significantly (P < 0.01) less than those of the TNS-evoked tritium over flow at 20 and 40 min of hypoxia.
Effects of hypoxia and subsequent reoxygenation on spon taneous and TNS-evoked tritium overflows When S2 was done at the last 4 min of 20-min hypoxia, the fractional rate of the S2-evoked tritium overflow decreased to 53.1±2.6% (n=5) of S, which had been ap plied under normoxic conditions (Fig. 3A) . The fraction al rate of S3 applied at the last 4 min of 40-min reoxygena tion recovered to that of S1 (Fig. 3A) . Similarly, the inhibi tion of the spontaneous tritium outflow observed at 16 min hypoxia was completely eliminated by a subsequent 36-min reoxygenation (Fig. 3B) . Effects of glibenclamide on the inhibition of spontaneous and TNS-evoked tritium overflows under 20-min hypoxia Glibenclamide at 0.1 and 1 ttM antagonized significant ly the 20-min hypoxia-induced inhibition of the TNS evoked tritium overflow in a concentration-dependent manner; at 1 pM, a concentration which fails to affect the spontaneous and TNS-evoked tritium overflows under normoxia (9) , glibenclamide restored the TNS-evoked tritium overflow by 64.6±2.1°16 (n=5) (Fig. 4A ). Experi ments with still higher concentrations of glibenclamide were not carried out, because glibenclamide at 3 pM or more, by itself, enhanced significantly the TNS-evoked tritium overflow (9) .
Glibenclamide at 1 pM reversed significantly the 16 min hypoxia-induced decrease in the spontaneous tritium outflow (Fig. 4B) , which was no longer significantly differ ent from that under normoxic conditions. Effects of cocaine on the inhibition of spontaneous and TNS-evoked tritium overflows under 20-min hypoxia
As shown in Fig. 5A , cocaine (10 pM), when super fused from 20 min before S, throughout the experiment, significantly increased (1.36-fold) the fractional rate of the S1-evoked tritium overflow under normoxic condi tions. The fractional rate of the tritium overflow evoked by S2 under 20-min hypoxia was also enhanced (1.44-fold) by 10 tpM cocaine (Fig. 5A) . Thus, the hypoxia-induced decrease in the evoked tritium overflow in the presence of cocaine did not differ from that in the absence of cocaine; the ratio S2/S1 was 0.60±0.02 (n=5) for hypoxia with cocaine and 0.54±0.03 (n=5) for hypoxia without cocaine.
Cocaine (10 rM) elevated the spontaneous tritium out flow approximately 1.7-fold under both normoxia and 16 min hypoxia (Fig. 5B) . Again, there were no significant differences between the inhibitions of the spontaneous tritium outflow under 16-min hypoxia with and without cocaine, the ratio Sp2/Sp, being 0.72±0.02 for hypoxia alone and 0.71 ±0.05 for hypoxia combined with cocaine. Effects of glibenclamide on the increase in "Rb+ efflux during 20-min hypoxia Figure 6 represents the rate constant plot of the effects of glibenclamide on 86Rb+ efflux during 20-min hypoxia. The 86Rb+ efflux rate constant increased after the ex posure to hypoxia with solvent and reached the peak value (148.9-t6.8070 (n=5) of the basal efflux rate con stant) at the 16-18-min collection period after introduc tion of hypoxia. Thereafter, the 86Rb+ efflux accelerating effects were rapidly abolished upon reoxygenation. Glibenclamide (0.1-10 pM) inhibited concentration dependently the increase in 86Rb+ efflux rate constant dur ing hypoxia; the peak rate constant in the presence of 0.1, 1 and 10 pM glibenclamide decreased to 131.3±4.8 (n=5), 120.2±3.0 (n=5) and 106.1±1.6% (n=4) of the basal value at 12-16 min after the onset of hypoxia, respectively (Fig. 6 ). When glibenclamide effects were measured by calculating AUC, glibenclamide at 0.1, 1 and 10 pM inhibited the AUC by 30.4±8.5, 56.4±7.4 and 92.9± 1.8%, respectively (Fig. 6 insert) .
Effects of hypoxia and subsequent reoxygenation on tis sue ATP content Figure 7 shows the time course of changes in cortical ATP content during hypoxia. Cortical ATP content was 24.9 ± 2.7 nmol/mg protein (n = 6) under normoxic condi tions. When the slices were exposed to various periods of hypoxia, the ATP content decreased significantly at 5 min of hypoxia and declined to 2.9 ± 0.6 nmol/mg protein (n=5) at 20 min. Prolongation of the hypoxia to 40 min produced no additional decrease in the ATP content. In separate experiments, we also measured ATP content in the slices subjected to a 40-min reoxygenation after hypox ic period of 20 min. Reoxygenation resulted in a complete restoration (25.5 ± 3.8 nmol/mg protein, n = 5) of the tis sue ATP content.
Correlation among changes by hypoxia in tissue A TP con tent, TNS-evoked tritium overflow and 86Rb+ efflux
Based on the values given in Figs. 2, 6 and 7, we exam ined the relationships among the inhibition of the TNS evoked tritium overflow, the decrease in cortical ATP con tent and the acceleration of 86Rb+ efflux evaluated by AUC in response to hypoxia. As shown in Fig. 8A , a linear positive correlation between the inhibition of the TNS-evoked tritium overflow and the decrease in tissue ATP content under hypoxia was observed with an r value of 0.997 (P<0.01). There was a significant correlation (r =1.000, P < 0.05) between the inhibition of the evoked tritium overflow and the increase in 16 Rb' efflux in response to hypoxia (Fig. 813) . Furthermore, a close relationship between the changes by hypoxia in tissue ATP and 86Rb+ efflux was also observed (r=0.995) (Fig.  8C) . 
DISCUSSION
Under our experimental conditions, the TNS-evoked tritium overflow from rat brain cortical slices preloaded with [3H]NE represents a physiological and action poten tial-induced release of NE from adrenergic nerve endings, because tetrodotoxin abolished the TNS-evoked tritium overflow. In some areas of the cerebral cortex, [3H]NE may be also taken up into dopaminergic nerve endings, but low concentrations (under 1 [IM) of [3H]NE used for labeling ensure a high degree of specific incorporation into adrenergic nerve endings (16, 17) . Electrical stimula tion does not release substances located in glial elements (18) . In addition, radioautographic studies demonstrate that no adrenergic nerve endings are found in the close proximity of cortical blood vessels of the rat (19) . There fore, it is likely that the amount of the tritium released from dopaminergic nerve endings, glial elements and adrenergic neurons innervating cortical blood vessels in response to TNS is minor, if any.
In the present study, the superfusion with the medium bubbled with 95076 N2 + 5070 CO2 (hypoxia) inhibited the TNS-evoked tritium overflow in rat cortical slices preload ed with [3H]NE. Our results are in agreement with data from previous studies that used perfused rat heart (20) and isolated rabbit aorta (21, 22) . In the rat heart subject ed to low-flow perfusion, Dart and Riemersma (23) showed that the reduction in nerve stimulation-evoked NE release is partially attributable to an enhanced NE re uptake into the neurons. However, the present observa tions suggest that the inhibition of the TNS-evoked trit ium overflow under hypoxia is not a major factor in an en hancement of the neuronal uptake mechanism, because under both normoxic and hypoxic conditions, cocaine, a neuronal uptake inhibitor (24) , increased the TNS-evoked tritium overflow to a similar extent (Fig. 5) .
TNS-evoked NE release as well as tissue ATP content was progressively reduced after the onset of hypoxia, which reached the maximum decrease at 20 min of hy poxia. The 86Rb + efflux rate constant was maximally in creased at approximately 20 min after hypoxia. When hypoxic duration was prolonged to 40 min, no additional decrease in the TNS-evoked tritium overflow and cortical ATP content was observed. Thus, the time course of the hypoxic decrease in the evoked tritium overflow was simi lar to that of fall of tissue ATP content during hypoxia. In addition, linear correlations were mutually observed among the inhibition of adrenergic neurotransmission, the decrease in tissue ATP content and the elevation in glibenclamide-sensitive 86Rb+ efflux in response to hy poxia (Fig. 8) . Together with the evidence that a high den sity of [3H]glibenclamide binding sites is present in the rat motor neocortex (8) , the present results suggest that the inhibition of the TNS-evoked NE release during hypoxia is associated with an activation of KATP channels due to decreased ATP content in the adrenergic nerve endings of rat cortical slices, and that KATP channels are maximally activated at about 20 min under the hypoxic conditions employed. The KATP channel activation shortens the dura tion of action potential in response to TNS, leading to a reduction in Ca" entry during the action potential. This appears to be the mechanism of the inhibition of the evoked NE release under hypoxia, because it is well ac cepted that electrically stimulated NE release depends on intraneuronal Ca" concentration. Our view is consistent with previous studies (25, 26) showing that the Ca"-de pendent acetylcholine release from mouse brain synapto somes was reduced by hypoxia in parallel with diminished Ca" uptake, the decreased acetylcholine release being ameliorated by 3,4-diaminopyridine, a non-selective K+ channel blocker (27) .
The evoked NE release and cortical ATP content which had been decreased at 20 min of hypoxia were completely restored by subsequent reoxygenation.
The increased 86Rb+ efflux was rapidly restored to the prehypoxic level following reoxygenation. Thus, it is unlikely that the 20 min hypoxia-induced injury seen in the present study is so severe as to cause an irreversible damage to adrenergic nerve endings.
Glibenclamide (0.1 and 1 ,iM) concentration-depend ently antagonized, to similar extents, both decreased TNS-evoked tritium overflow and increased 86 Rb' efflux during hypoxia; and at 10 pM, it almost completely abolished the hypoxic acceleration of 86Rb+ efflux. These findings also support our view that hypoxic changes in adrenergic neurotransmission and 86Rb+ efflux are mediat ed by KATP channel activation, because glibenclamide is a potent KATP channel blocker (28) . However, nonspecific effects of glibenclamide must be also considered. For example, in the rat heart subjected to hypoxia, sulfonyl urea reduces the fall of ATP content without altering lactate production (29) , thereby attenuating the KATP channel activation during hypoxia. Schaffer et al. (30) showed that sulfonylurea decreases the accumulation of lactate in ischemic myocardium of the rat. Because lact ate-coupled K+ channel activation has been proposed to be an important cause of cellular K+ loss during hypoxia and ischemia (31), we cannot exclude the possibility that a conceivable reduction in lactate content contributes to the antagonistic action of glibenclamide on hypoxic changes observed in the present study.
Hypoxia affected the TNS-evoked tritium overflow much less than tissue ATP content. The amplitude (46.2010) of the inhibition of the evoked tritium overflow under hypoxia may reflect the limited ability of KATP chan nel activation to inhibit adrenergic neurotransmission. Alternatively, the inhibitory action of hypoxia evaluated by tritium overflow may be counteracted and thereby underestimated by an inhibition of the neuronal uptake mechanism, Na+,K+-ATPase or Ca t+-ATPase activity which would result from a decrease in ATP content. The neuronal uptake mechanism under hypoxia is inhibited in synaptosomes prepared from the rat cerebral cortex (4) and in isolated rabbit aorta (21) , leading to an increase in the TNS-evoked NE release. However, the present study with cocaine indicates that the neuronal uptake mecha nism operates at similar degree under hypoxic and normox ic conditions (Fig. 5) . Therefore, it is unlikely that the in hibition of the evoked tritium overflow under hypoxia is partially counteracted by mechanisms involving a block ade of neuronal uptake. The inhibitions of Na+,K+-ATPase and Ca 2+-ATPase activities during hypoxia would in crease the amount of TNS-evoked NE release by elevating the intracellular Ca 21 concentration. Matsuda et al. (32) have recently reported that the exposure of a rat brain cortical slice to a medium lacking oxygen results in a reduction in membrane Na+,K+-ATPase activity and an increase in Ca" uptake into the slice, but the hypoxic increase in Ca" uptake is negligible compared with that induced by K+-enriched solution. Although ouabain, which inhibits Na+,K+-ATPase activity, also elevates cytosolic Ca 21 concentration in rat brain synaptosomes (33) , this enzyme inhibitor causes no marked effect on spontaneous NE release in rat brain synaptosomes (34) . Gibson et al. (35) suggested that a diminished activity of Ca 2+-ATPase during hypoxia does not underlie the al tered cytosolic Ca 21 concentration in synaptosomes pre pared from the mouse brain cortex. Therefore, it is hardly conceivable that an increased amount of the TNS-evoked NE release due to an inhibition of Na+,K+-ATPase or Ca 2+-ATPase activity during hypoxia actually occurs and causes an underestimation of the inhibitory action of hypoxia on the evoked NE release.
The spontaneous tritium outflow was significantly decreased only after hypoxic periods of more than 16 min. The degree of the decrease in the spontaneous trit ium outflow was smaller than that in the TNS-evoked trit ium overflow. Thus, the spontaneous tritium outflow seems to be less sensitive to hypoxia. Electrophysiological studies demonstrate that oxygen deprivation produces a hyperpolarization followed by a depolarization in brain tissues (36, 37) . The early hyperpolarization is possibly caused by an opening of KATP channels, since the hyper polarization is abolished by glibenclamide (6, 38) . The inhibition of the spontaneous tritium outflow under hy poxia was also sensitive to glibenclamide, suggesting that this inhibition may similarly be due to the KATP channel activation. In the brain, the interstitial space is much smaller than the intracellular volume, and thus opening of KATP channels will lead to sustained K+ efflux and re sultant extracellular K+ accumulation as well as depolari zation of nerve endings and elevated release of neurotrans mitter. Globus et al. (39) showed that spontaneous NE re lease from the rat hippocampus was increased during in vivo ischemia. However, in the present study, no increase in the spontaneous tritium outflow and the TNS-evoked tritium overflow was observed. Rather, both are depressed (Figs. 2 and 3) . Therefore, under the hypoxic conditions used, occurrence of sustained K+ efflux is unlikely. Alter natively, the depolarization, if any, might not be enough to facilitate adrenergic neurotransmission.
The discrep ancy between the observation made by Globus et al. (39) and those of us may result from differences in prepara tions or conditions employed.
In conclusion, we have shown that hypoxia reversibly causes both an inhibition of the spontaneous and TNS evoked NE releases and an increase in the 86Rb+ efflux in the rat cortical slices via a glibenclamide-sensitive mecha nism. Hypoxia also decreased the tissue ATP content.
There were correlations among the inhibition of the TNS evoked NE release, the decrease in cortical ATP content and the acceleration of 86Rb+ efflux during hypoxia.
These results suggest that the inhibition of rat central adrenergic neurotransmission under hypoxia may be as sociated with or caused by an activation of KATP chan nels.
